Structural, Thermal, Morphological, Adsorption and Catalytic Properties of Poly(BPDAH-co-ODA/PPDA)-Ag/V2O5 Nanocomposites by Sribala, Govindharajan et al.
 Structural, Thermal, Morphological, Adsorption, and 
Catalytic Properties of Poly(BPDAH-co-ODA/PPDA)-
Ag/V2O5 Nanocomposites 
 
Govindharajan Sribala1, Balakrishnan Meenarathi1, Ramasamy Anbarasan2,*   
 
1Department of Polymer Technology, Kamaraj College of Engineering and Technology, Madurai-, 
Tamilnadu, India. 
2Department of Chemical Engineering, National Taiwan University, Taipei-10617, Taiwan. 
Bulletin of Chemical Reaction Engineering & Catalysis, 15 (1) 2020, 155-174 
Abstract 
Thermally stable polyimides (PIs) were prepared by condensation technique at 160 ºC for 5 hours in N-
methylpyrrolidone (NMP) medium under N2 atmosphere both in the presence and absence of metal 
(Ag) and metaloxide (MO) (V2O5) nanoparticles (NPs). The synthesized polymers are characterized by 
Fourier Transform Infra Red (FT-IR) spectroscopy, 1H Nuclear Magnetic Resonance (1H NMR) spec-
troscopy, Differential Scanning Calorimetry (DSC), Thermal Gravimetric Analysis (TGA), Scanning 
Electron Microscopy (SEM), Transmission Electron Microscopy (TEM), Field Emission Scanning Elec-
tron Microscopy with Energy Dispersive X-Ray (FE-SEM and EDX). The FT-IR spectrum showed a 
peak at 1786 cm-1 corresponding to the C=O stretching of dianhydride. The aromatic proton signals ap-
peared between 6.7 and 7.5 ppm in the 1H-NMR spectrum of the resultant PIs. The oxydianiline (ODA) 
based PI with Ag NP loaded system exhibited the highest Tg value. The apparent rate constant values 
for the adsorption and catalytic reduction of p-nitrophenol (PNP), Cr6+ and rhodamine 6G (R6G) dye 
were determined with the help of UV-visible spectrophotometer. Among the catalysts, the system load-
ed with V2O5 NP has higher kapp values. The experimental results are critically analyzed and compared 
with the previously available literature values. Copyright © 2020 BCREC Group. All rights reserved 
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Research Article 
1. Introduction 
Polyimides (PIs) are a class of polymers 
which are familiar for their thermal stability, 
processability and mechanical properties. It has 
a wide domestic application. Recently, various 
methodologies are developed for their synthesis. 
By using novel techniques a number of PIs are 
synthesized and their structure-property rela-
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tionship has been analyzed. It was found that a 
good number of PIs with different chemical 
structure had been commercialized to meet out 
the daily requirement of human beings. Such a 
thermally stable candidate can be generally pre-
pared by condensation reaction in an economic 
route (i.e.) the reaction between dianhydride 
and diamine. Industrially important dianhy-
drides are pyromellitic dianhydride, benzophe-
none tetracarboxylic dianhydride and oxy-
phthalic dianhydride. In polymer industries, 
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various dianhydrides are used for the prepara-
tion of PIs including benzhydrol tetracarboxylic 
dianyhdride [1], biphenyl tetracarboxylic di-
anhydride [2,3], oxydiphthalic dianhydride [4], 
benzophenone tetracarboxylic dianhydride [5-
7], hexafluoropropane dianhydride [8,9], and 
pyromellitic dianhydride [10-13]. The literature 
report explains that the selection of dianhy-
dride for the preparation of PIs depends on the 
nature of applications. It is also important that 
the cost of the monomer should be cheaper and 
free from toxicity and hazardousness. Hence, in 
the present work benzophenone tetracarboxylic 
dianhydride monomer was chosen.   
For the preparation of PI, the co-monomer is 
considered as a diamine. Generally, ODA and 
PPDA are considered. The ODA based PI pro-
duced a flexible PI whereas the PPDA based PI 
produced a rigid PI. Their thermal and me-
chanical properties depend on the Mw of the PI 
and the method adopted for its synthesis. Vari-
ous diamines including phenyl derivative of 
ODA [14], ODA [15-24], aniline-formaldehyde 
resin [25], and PPDA [26,27] have been used in 
the polymer industry. In order to catalyse the 
yield and their physical, chemical, optical and 
mechanical properties of the nanosized materi-
als are added as filler. By keeping this idea in 
mind, the present work was designed. This 
work concentrates on the synthesis and charac-
terization of two different PIs and their nano-
composites. Two different nanomaterials such 
as metal NP (Ag NP) and metal oxide NP (V2O5 
NP) are added and their influence on the ther-
mal, morphological and catalytic properties of 
PIs are tested and compared critically.   
Due to heavy industrialization, particularly 
the effluents from dye industries, tannery and 
pharmaceutical industries, and the quality of 
water body are highly disturbed. The better 
way to solve this problem is to treat the efflu-
ents either by simple adsorption or by chemical 
reaction before their disposal into open envi-
ronment.  Among the chemical treatment, re-
duction is the simplest way and economically 
cheaper one to reduce the toxicity. The simple 
example is reduction of Cr6+ by a reducing 
agent into Cr3+ [28,29]. For an effective effluent 
treatment process, a supporting material, par-
ticularly heterogeneous polymer based material 
is required for a number of recycling process in 
order to avoid the leaching of the catalyst into 
the reaction medium. In 2017, a review article 
was published related to the water purification 
by polymer nanocomposites [30]. Chitosan sup-
ported heterogeneous catalyst was used for the 
reduction of PNP [31]. Poly(NIPAAm-co-
AAA)/CuO nanocomposite system was utilized 
for the reduction of PNP [32]. A dendrimer en-
capsulated bimetallic nanocomposite system 
was utilized for the reduction of PNP [33]. Cel-
lulose fibre supported Au NP was utilized for 
the reduction of organic dyes [34]. Chitosan 
supported TiO2 NP was used for the reduction 
of organic pollutants [34]. Mei and co-workers 
[35] reported the PANI supported Au NP for 
the degradation of organic dyes. On going 
through the literature, it was found that few 
reports are available on the PI supported cata-
lyst for the reduction of organic pollutants like 
PNP, R6G and inorganic pollutant like Cr6+. By 
keeping this in inner mind, the present investi-
gation was made, i.e. PI supported Ag and 
V2O5 nanocomposite system as a catalyst for 
the reduction reaction. 
 
2. Materials and Methods 
2.1 Materials 
All the chemicals used are in Hipure form. 
N-methyl pyrrolidone (NMP), oxydianiline 
(ODA), sodiumborohydride (NaBH4) and benzo-
phenone-3,3’,4,4’-tetracarboxylic dianhydride 
(BPTCDAH) were purchased from Sigma Al-
drich, (India). Silver nitrate (AgNO3) was pur-
chased form s.d. Fine Chemicals, (India) and 
Vanadium pentoxide (V2O5) was purchased 
from CDH chemicals (India). Potassium dichro-
mate, (Cr6+), rhodamine6G (R6G), citric acid 
(CA) and p-nitrophenol (PNP) were purchased 
from Ranbaxy chemicals (India). Double dis-
tilled water (DDW) was used for washing pur-
pose. 
  
2.2 Synthesis of Ag and V2O5 NPs 
The NPs were synthesized by a simple 
chemical reduction method in the presence of 
capping agent like citric acid. For this purpose, 
1.0 g AgNO3, 0.5 g of citric acid and 1.0 g of 
NaBH4 were mixed in 100 mL DDW under 
mild stirring condition at room temperature for 
2 hours with N2 purging. The contents were fil-
tered and dried in a hot air oven at 110 ºC for 6 
hours. The dried product was stored in a zipper 
lock cover under N2 atmosphere. The same pro-
cedure was followed for the preparation of V2O5 
NPs. 
  
2.3 Synthesis of PI and Its Nanocomposites 
For the preparation of PI a standard litera-
ture procedure was followed with slight modifi-
cation [22]. 1.0 g of PTCDAH and PPDA were 
taken in a 100 mL round bottomed flask (RBF). 
 Bulletin of Chemical Reaction Engineering & Catalysis, 15 (1), 2020, 157 
Copyright © 2020, BCREC, ISSN 1978-2993 
25 mL NMP solvent was added and heated to 
160 ºC for 5 hours under N2 atmosphere with 
mild stirring. The polymer was precipitated by 
the addition of excess amount of acetone 
(Scheme 1). The impurities and the unreacted 
reactants were removed by washing the prod-
uct with 100 mL of acetone. The products were 
dried under fume hood for overnight, weighed 
and stored. The yield was calculated as 91%. 
For the preparation of PI nanocomposites, a 
similar procedure was followed in the presence 
of 10 mg of Ag or V2O5 NP (Scheme 1). The % 
yield of PI/Ag and PI/V2O5 nanocomposites 
were determined as 93 and 97%, respectively. 
The weight ratio between PI and Ag or V2O5 
NPs was maintained as 1:0.01. The higher % 
weight loading of NP increases the viscosity of 
the medium and reduces the Mw of the result-
ant polymer. Similar experimental procedure 
was followed for the preparation of ODA based 
PIs (Scheme 1). 
  
2.4 Characterization 
Fourier transform infrared (FTIR) spectra 
for the samples were recorded with the help of 
a Shimadzu 8400 S, Japan instrument by the 
KBr pelletization method from 400 to 4000 
cm−1. The FTIR disc was prepared under 7 tons 
of pressure. The surface morphology with    
simultaneous EDX of the polymer samples 
were determined by FE-SEM method using Hi-
tachi S4800 Japan model instrument. The DSC 
and TGA were done using Universal V4.4A TA 
Instruments under nitrogen atmosphere at the 
heating rate of 10 ºC.min−1 from room tempera-
ture to 800 ºC for DSC measurements (for TGA 
air atmosphere was maintained). The second 
heating scan of the sample was considered to 
delete the previous thermal history of the sam-
ple. The 1H-NMR (500 MHz) spectra were rec-
orded using Varian, Unity Inova-500 NMR in-
strument at room temperature in deuterated 
DMSO solvent. The surface morphology of the 
samples was scanned by SEM (JSM 6300, 
JEOL, USA model) instrument. Transmission 
electron microscope (TEM) was measured us-
ing JEM-200 CX, USA. The UV-visible spectra 
were recorded with the help of Shimadzu 3600 
NIR spectrophotometer (Japan) instrument. 2 
mg of sample was dissolved in 5 mL of THF 
solvent from which 2 mL solution was pipetted 
out into a 5 mL capacity quartz cuvette and 
used for spectral measurement. 
  
2.5 Catalytic Reduction Study 
The primary application of this work is the 
utilization of polymer as a catalyst for the re-
duction of waste water containing different pol-
lutants such as PNP, Cr6+, and R6G. For in-
stance, the concentration of PNP was main-
tained as 1×10-5 M solution inside the cuvette 
at room temperature. Then 0.10 g of polymer 
catalyst system (S1 or S2 or S3 or S4 or S5 or 
S6, Table 1) was added with mild shaking of 
the cuvette reactor. 15 mg of NaBH4 was added 
as a reducing agent to the cuvette reactor with 
mild shaking. The UV-visible spectrum was 
recorded at the interval of one minute time. 
While increasing the reaction time, the absorb-
ance reduced slowly at 400 nm. In the case of 
polymer supported catalyst system, the de-
crease in absorbance value is mainly due to 
Scheme 1. Synthesis of PI nanocomposites 
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two factors, i.e. adsorption and real catalytic re-
duction of PNP. From the absorbance value, 
the apparent rate constant (kapp) is determined 
from the slope value by drawing a plot of log  
(A/Ao) vs time, where Ao is an initial concentra-
tion and A is concentration at a given time. A 
similar procedure was followed for other sys-
tems like Cr6+ and R6G. 
 
Decrease in absorbance at 400 nm due to: 
 
PNP in the presence of catalyst system   
 = A+ B + C          (1) 
 
where A is adsorption by PI, B is surface cata-
lytic effect of Ag or V2O5, and C is concentration 
of NaBH4. The adsorption occurred through the 
hydrogen bonding mechanism.  
 
Decrease in absorbance at 400 nm due to:  
 
PNP in the absence of catalyst system   
 = A + C + D           (2) 
 
where D is macromolecular surface catalytic ef-
fect. Here also hydrogen bonding mechanism is 
operated. Catalytic reduction of PNP follows 
the pseudo first order kinetics. 
                                                                             
Decrease in absorbance at 375 nm due to:  
 
Cr6+ in the absence of catalyst system  
 = A + C           (3) 
 
From these the kapp.[Total] (E) can be calculat-
ed as follows: 
 
 E = F + G          (4) 
 
where F is kapp.[Adsorption], and G is kapp 
(catalytic reduction). 
Then, G can be calculated as follows:                       
      
 G = E – F         (5) 
 
The kapp (adsorption) depends on the nature, 
structure and charge on both the adsorbent 
and adsorbate. The absorbance can be influ-
enced by the PI and temperature of the reac-
tion medium. Equation (5) is applicable for all 
the S1 to S6 systems particularly for Ag and 
V2O5 loaded systems. In the case of S1 and S4 
systems, instead of reduction, adsorption is in-
fluenced by PI and the temperature of the reac-
tion medium. 
  
2.6 Adsorption Study 
Adsorption study was carried out in a cu-
vette reactor. Amount of 3 mL of water sample 
with PNP or Cr6+ or R6G was taken in a 5 mL 
capacity cuvette reactor. Amount of 0.10 g of PI 
was added with mild shaking. For every one 
minute time, the UV-visible spectrum was rec-
orded and the change in absorbance was noted. 
Generally, it was found that while increasing 
the reaction time, the absorbance decreased 
slowly. The apparent rate constant (kapp) for ad-
sorption was calculated from the slope of the 
System Code Tg (°C) Td (°C) 
%weight residue remained 
above 800 °C 
Poly(BPTCDAH-co-ODA) S1 262 513 20 
Poly(BPTCDAH-co-ODA)/Ag S2 268 525 38 
Poly(BPTCDAH-co-ODA)/V2O5 S3 263 485 09 
Poly(BPTCDAH-co-PPDA) S4 230 482 21 
Poly(BPTCDAH-co-PPDA)/Ag S5 232 512 57 
Poly(BPTCDAH-co-PPDA)/V2O5 S6 237 422 04 
Temperature = 160 °C, time = 5 h, NMP = 25 mL, N2 atmosphere 
Table 1. DSC and TGA data. 
Figure 1. FT-IR spectrum of (a) S1, (b) S2, (c) 
S3, (d) S4, (e) S5, and (f) S6 systems. 
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plot of log (A/Ao) vs time. For different PIs and 
pollutants systems, the UV-visible spectrum 
was recorded at the interval of one minute. The 
apparent rate constant (kapp) for adsorption can 
be determined from the slope value by drawing 
a plot of log (A/Ao) vs time, where Ao is an ini-
tial concentration and A is concentration at a 
given time. 
 
3. Results and Discussion 
3.1 Polymer Characterizations 
3.1.1 FTIR spectral study 
The PI synthesized with two different dia-
mines namely ODA and PPDA is characterized 
here.  The ODA based PI is characterized first 
followed by the PPDA based PI. The FT-IR 
spectrum of S1 system is given in Figure 1a. 
The N-H stretch (3416 cm-1), C-H symmetric 
and anti-symmetric stretch (2925 and 3050   
cm-1, respectively) of ODA were noted. A peak 
at 1725 cm-1 is corresponding to the carbonyl 
stretch of dianhydride. The free dianhydride 
carbonyl stretching was observed at 1786 cm-1. 
There are two different carbonyl stretching. 
One carbonyl stretching is involved in the PI 
formation whereas the other one is available at 
the PI chain end. This is in accordance with Ali 
et al. [35]. The aromatic bending vibrations 
(721 and 827 cm-1) of PI were noted. Figure 1b 
indicates the FT-IR spectrum of S2 system. 
Here also one can see the above said peaks cor-
responding to the PI backbone. The Ag NP 
stretch was observed at 537 cm-1. The FT-IR 
spectrum of S3 system is represented in Fig. 1c 
with the V2O5 stretching at 628 cm-1 and the 
stretching corresponding to the PI backbone 
[37]. Figure 1d indicates the FT-IR spectrum of 
the S4 system, i.e. the PPDA based PI. The C-
H symmetric and anti-symmetric stretching of 
PPDA was noted at 2925 and 3048 cm–1 respec-
tively. Peaks at 3221 and 3355 cm–1 are corre-
sponding to the free NH2 stretching of PPDA. 
This indicates that the primary amino group is 
attached at the polymer chain end. Peaks at 
1776 and 1716 cm–1 are ascribed to the C=O 
stretching and free anhydride stretching (i.e.) 
the benzophenone moiety attached at the other 
end of the polymer chain. The C-N stretching 
(1386 cm–1) and the aromatic bending vibra-
tions (721 and 836 cm–1) were also noted. Fig-
ure 1e indicates the FTIR spectrum of S5 sys-
tem. Here also the above said peaks were not-
ed. A peak at 526 cm-1 confirmed the presence 
of Ag NP. Figure 1f denotes the FT-IR spec-
trum of S6 system. All the peaks corresponding 
to PI appeared with a new peak around 1653    
Figure 3. DSC thermogram of (a) S1, (b) S2, (c) S3, (d) S4, (e) S5, and (f) S6 systems. 
Figure 2. 1H-NMR spectrum of (a) S1 and (b) S4 
systems. 
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cm–1. This confirmed the presence of free anhy-
dride moiety. The V2O5 stretching can be seen 
at 515 cm–1 [37]. 
  
3.1.2 1H-NMR study 
The 1H-NMR spectrum of S1 and S4 sys-
tems are studied here since they are considered 
as a parent PI whereas the remaining systems 
are Ag and V2O5 dispersed PI based nanocom-
posite systems. The N-H proton signal (5.8 
ppm) of ODA confirmed the chemical structure 
of S1 system [2]. Meanwhile, the DMSO peaks 
appeared around 2-4 ppm. The 1H-NMR spec-
trum of S4 system is given in Figure 2b. The 
DMSO peaks (appeared at 2.5 and 3.4 ppm) 
and the N-H protons of PPDA (5.3 ppm) ap-
peared with an appearance of four new peaks 
at 6.7, 7.0, 8.1 and 8.3 ppm corresponding to 
the aromatic protons of PPDA present in the S4 
backbone [6]. 
  
3.1.3 DSC study 
Figure 3a shows the DSC thermogram of S1 
system, which exhibits an endothermic peak at 
262 °C (Table 1). Marek et al. [6] reported the 
Tg of PI which varied between 212 and 248 °C. 
When compared with the literature [6], the pre-
sent system yielded a good result means the 
present nanocomposite system has higher Tg 
value. This can be explained as follows: i) the 
increase in Mw of PI; ii) chemical structure of 
the DAH and diamine used for the synthesis of 
PI; iii) existence of inter and intra molecular 
hydrogen bonding. The DSC thermogram of S2 
system is given in Figure 3b with an endother-
mic peak at 252 °C. This shows the depression 
in Tg of the PI after the nanocomposite for-
mation with Ag NP. Figure 3c represents the 
DSC trace of S3 system with an endothermic 
peak at 263 °C corresponding to the Tg of S3 
system with increased slightly in Tg. The DSC 
thermogram of S4 system is given in Figure 3d. 
The thermogram shows an endothermic peak 
at 230 °C corresponding to the Tg of S4 system. 
The Tg of S5 system is determined from Figure 
3e as 232 °C. When compared to the S4 system, 
the present system exhibited a slight increase 
in Tg. It means the added Ag NP has slight in-
fluence on the Tg. Figure 3f represents the DSC 
thermogram of S6 system with the Tg value of 
237 °C. This confirmed that the added V2O5 NP 
slightly increased the Tg of S6 system. Table 1 
summarises the Tg value of all the systems. On 
comparison, the S6 system exhibited the high-
est Tg value while considering the PPDA as a 
co-monomer. In over all comparison, the ODA 
containing PI with Ag NP exhibited the highest 
Tg value due to the chemical structure of the co
-monomer. 
 
3.1.4 TGA study 
The TGA thermogram of S1 system is given 
in Figure 4a with a single step degradation 
process. A major weight loss peak was noted at 
513 °C (Table 1) and it explained the backbone 
degradation of S1 system [2]. When compared 
with biphenyl tetracarboxylic dianhydride [2], 
the BPTCDAH yielded excellent Td. Above 800 
°C, the system showed 20% weight residue re-
mained. Figure 4b denotes the TGA of thermo-
gram of S2 system with a single step degrada-
tion process. Here the initial degradation tem-
perature was increased. A major weight loss 
occurred around 525 °C with the % weight resi-
due remained above 800 °C is 38%. The ther-
mal stability of S3 system is given in Figure 4c. 
Figure 4. TGA thermogram of (a) S1, (b) S2, (c) S3, (d) S4, (e) S5, and (f) S6 systems. 
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The PI backbone degradation occurred at 487 °
C. Above 800 °C the system showed 9% weight 
residue remained. During the course of the 
polymerization reaction, the V2O5 NP increased 
the viscosity of reaction medium and the result-
ant had low molecular weight. The TGA ther-
mogram of S4 system (Figure 4d) exhibits a 
single step degradation process [38] with the 
major weight loss at 482 °C. It can be explained 
on the basis of degradation of BPTCDAH.  
Above 800 °C the system showed 21% weight 
residue remained. The TGA thermogram of S5 
system is shown in Figure 4e with a single step 
degradation occurred at 512 °C (Table 1). The 
important point to be noted here is the increase 
of initial degradation temperature in the pres-
ence of Ag NP. Above 800 °C around 57% 
weight residue remained. The % weight residue 
remained confirmed the increase in the ther-
mal stability of S5 system. The TGA thermo-
gram of S6 (Figure 4f) exhibits two step degra-
dation processes. The minor weight loss ap-
peared below 300 °C can be explained on the 
basis of removal of moisture and unreacted 
monomers or solvent. The major weight loss ap-
peared around 422 °C is due to the degradation 
of PI backbone. Above 800 °C, the system ex-
hibits <5% weight residue remained. When 
compared to the previous PPDA co-monomer 
based systems, the present system exhibited 
the lowest thermal stability. This can be ex-
plained as follows. It is well known that na-
nosized V2O5 is a good oxidant and at higher 
temperature the aerial oxidation accelerated 
with the help of nanosized V2O5. In this partic-
ular system, the nanosized V2O5 acts typically 
as an oxidative degradation catalyst. In com-
parison, the Ag doped PIs exhibited higher Td 
and % weight residue remained above 800 °C, 
particularly for S2 and S5 systems. This con-
firmed the existence of better interaction be-
tween PI chains and Ag nanoparticles. The % 
weight residue remained above 800 °C for all 
the systems are given in Table 1. 
  
3.1.5 SEM analysis 
The SEM image of S1 system is given in 
Figure 5a with more number of agglomerated 
polymer NPs which can be explained that the 
synthesis of polymer by a commercial method-
ology produces polymer itself in nanosize 
(Table 2). Figure 5b confirms the FE-SEM im-
age of system S2 with nanorod like morphology 
with the uniform distribution of Ag NP. The 
size was calculated as 90 nm which is indicated 
by the circled area. The FE-SEM image of S3 
system (Figure 5c) one can see the nanorod like 
morphology (black circled) (Table 2) with the 
distribution of V2O5 NP. The SEM image of S4 
system (Figure 5d) exhibited an irregular 
shaped polymer NP. The minimum length was 
determined as 1 μm with 250 nm breadth. This 
confirmed the one dimensional nanosize nature 
of P4 system. Arbash et al. [39] reported a gel 
like morphology for PMDAH based PI. But in 
the present investigation an entirely different 
morphology is seen. The FE-SEM image of S5 
system (Figure 5e) showed a rose flower like 
morphology with an agglomeration of Ag NPs. 
The minimum size of Ag NP was determined as 
50 nm. The system exhibited nanorod like mor-
phology (Table 2). The length of the rod was 
calculated as >1 μm and with the breadth of 
100 nm. The FE-SEM image of S6 system is 
Figure 5. SEM image of (a) S1 and (d) S4 systems 
and FE-SEM images of (b) S2, (c) S3, (e) S5 and (f) 
S6 systems. TEM image of (g) Ag NP and (h)V2O5 
NP. 
System  Shape  
% Elements  
C N O Ag V 
S1 Irregular - - - - - 
S2 Rod 46 16 32 11 - 
S3 Rod 44 18 32 - 6 
S4 Irregular - - - - - 
S5 Rod 46 15 32 6.8 - 
S6 Irregular 48 17 35 - 3.1 
Table 2. Morphology and % elements data. 
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Figure 6. EDX spectrum of (a) S2, (b) S3, (c) S5 and (d) S6 systems. 
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given in Figure 5f. The morphology was like a 
broken stone with an irregular shape and size,  
nanosized spherical particles with the size of 80 
nm. This is due to the V2O5 NP. Here nanofibre 
morphology was not observed. This indicates 
that the polymer after the nanocomposite for-
mation with V2O5 NPs, the fibrous morphology 
was with an irregular shape (Table 2) and size. 
This declared that each NP has its own influ-
ence on the surface morphology of the polymer 
(i.e.) the morphology of the polymer can be al-
tered. Jwo et al. [40] reported different mor-
phology for PI in the presence of silica and this 
report supported the above said statement. 
Thus the SEM image concluded the size, shape 
and morphology of the PI and its nanocompo-
site systems. For the sake of comparison, the 
TEM image of Ag (Figure 5g) and V2O5 NPs 
(Figure 5h) are given here. The size of Ag NP 
was found to be 15-25 nm with some agglomer-
ated NPs. The size of V2O5 NP was found to be 
65-85 nm with distorted spherical morphology 
with more agglomeration. 
3.1.6 EDX report 
In the EDX spectrum of S2 system (Figure 
6a), the % content of C, N, O and Ag was deter-
mined as 46, 16, 27, and 11 %, respectively and 
shown in Table 2. The appearance of Ag con-
firmed the presence of Ag NPs in the P2 sys-
tem. Figure 6b represents the EDX spectrum of 
S3 system. The % content of C was found to be 
44%. The % content of N and O was deter-
mined as 18 and 32%, respectively. In this sys-
tem 6% of V was found and its appearance con-
firmed the formation of Vanadium nanocompo-
site system. In the EDX spectrum of S5 system 
(Figure 6c), the % C, N, and O was calculated 
as 46, 15 and 32%, respectively (Table 2). The 
% content of Ag NP was determined as 6.89%. 
This confirmed the presence of Ag NP in the S5 
system. Figure 6d indicates the EDX spectrum 
of S6 system. In this case the % C, N, O was 
calculated as 45, 17 and 35%, respectively. The 
% of V was calculated as 3.11% (Table 2). Thus 
the EDX study concluded that the PI nanocom-
posite systems contain the Ag and V2O5 NPs. 
 
Figure 7. UV-visible spectrum of PNP (a-f) taken at the interval of one min in the presence of S1 sys-
tem and plot of log (A/Ao) vs time (g). The UV-visible spectrum of PNP (h-r) taken at the interval of one 
min in the presence of S4 system and the plot of log (A/Ao) vs time (s). 
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3.2 Catalytic Reduction Study 
Generally, the benzophenone based PI is 
used in the membrane technology. For the first 
time, the applications of benzophenone based 
PI is brought into the catalysis field. Under the 
given experimental conditions, the catalytic re-
duction of PNP was carried out. It exhibited an 
absorbance peak at 401 nm. The UV-visible 
spectrum of PNP taken at the interval of 1min 
time during the reduction reaction is given in 
Figure 7(a-f). While increasing the reduction 
reaction time the absorbance reduced slowly at 
401 nm. Within 6 minutes 88% of PNP was re-
duced into aminophenol (AP). The decrease in 
absorbance at 401 nm is associated with two 
important factors namely, adsorption and real 
catalytic reduction or reduction reaction. In the 
first step, the total apparent constant (kapp) was 
determined using the UV-visible absorbance 
spectral data. The total kapp value was deter-
mined from the slope of the plot of log(A/Ao) vs 
time (Figure 7g) as 0.59×10-3 sec-1 (Table 3). 
The kapp value of adsorption was calculated as 
0.585×10-3 sec-1 (Table 3). The remaining kapp 
value of 0.005×10-3 sec-1 is associated with two 
factors: (i) surface catalytic reaction and (ii) re-
duction by NaBH4. It is well known that the S1 
system does not carry any catalyst like Ag or 
V2O5 NP. In this situation, the PI system may 
behave like a macro surface catalyst. As a re-
sult, the PNP is reduced into AP. From the lit-
erature it was understood that the catalytic re-
duction of PNP follows the pseudo first order 
kinetics. This confirmed that the PI acted as a 
macro catalyst towards the reduction of PNP. 
The added reducing agent decreases the pH of 
the reaction medium and increases the adsorp-
tion. Four H+ ions produced from NaBH4 
strengthened the pH of 1.5 and accelerated the 
adsorption process. Without the surface cata-
lytic effect (either by metal or metal oxide NP), 
the PNP will not be reduced to AP. The 
0.005×10-3 sec-1 kapp value is due to the added 
NaBH4 and not due to the real reduction reac-
tion in the case of PNP. Mei et al. [37] reported 
the kapp value for the catalytic reduction of PNP 
using Fe3O4@PANI@Au ternary polymer nano-
composite system as 8.63×10-3 sec-1. When com-
pared with the literature value, the present 
system yielded an extremely lower kapp value 
due to the absence of metal or metal oxide NP. 
The macro surface catalytic effect of S4 sys-
tem towards the reduction of PNP under the 
same experimental conditions was tested. Fig-
ure 7 (h-r) indicates the UV-visible spectrum of 
PNP taken at the interval of 1 min. The spec-
trum shows one absorbance peak at 401 nm. 
While increasing the reduction reaction time, 
the absorbance decreased slowly at 401 nm. 
This confirms the reduction of PNP into AP or 
simple adsorption by S4 system. This spectrum 
infers that within 13 min 85 % of PNP was con-
verted into AP. In order to find out the total 
kapp value, the plot of log (A/Ao) vs time (Figure 
7s) was drawn. It was found to be a straight 
line but with decreasing trend. The slope value 
was determined from which the total kapp value 
was calculated as 1.12×10-3 sec-1 (Table 3). For 
S4 system also a separate adsorption experi-
ment was carried out. From the absorbance 
value, the kapp value for adsorption was calcu-
lated as 1.158×10-3 sec-1. From these data, one 
can easily find out the kapp value for the reduc-
tion reaction as 0.004×10-3 sec-1 (Table 3). The 
reduction of the kapp value confirmed the poor 
catalytic role of macro sized S4 system. In oth-
er words under strong acidic pH, the adsorp-
tion of PNP was increased. In the absence of 
Ag or V2O5 NPs the catalytic reduction of PNP 
into AP is not possible. On analysis, both S1 
and S4 yielded almost closer kapp values for ad-
System 
kapp (10-3) (sec-1) 
PNP  Cr6+  R6G 
Total Ads Cat red  Total Ads Cat red  Total Ads Cat red 
S1 0.59 0.585 0.005  2.10 1.32 0.78  0.22 0.15 0.07 
S2 5.69 2.810 2.880  1.59 0.72 0.87  2.34 1.12 1.22 
S3 6.31 4.150 2.160  1.22 0.68 0.54  2.79 1.28 1.51 
S4 1.12 1.116 0.004  1.17 0.93 0.24  1.40 0.88 0.52 
S5 2.53 1.410 1.120  2.55 1.38 1.17  3.26 1.59 1.67 
S6 1.65 0.720 0.930  2.42 1.14 1.28  3.52 1.71 1.81 
Table 3. kapp value of different systems 
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sorption under strong acidic pH but two times 
higher kapp value for adsorption by S4 system. 
This can be explained on the basis of chemical 
structure of the S4 system. In the case of S1 
and S4 systems, the kapp values are very lower 
when compared with Mei et al. [37] report due 
to the absence of nano catalyst for the reduc-
tion of PNP.  
The study on influence of Ag NP on the cata-
lytic reduction reaction of PNP was carried out. 
The UV-visible spectrum of PNP recorded in 
the presence of S2 system at the interval of one 
minute is given in Figure A1(a-h). While in-
creasing the reaction time the absorbance at 
400 nm decreased gradually. This confirmed 
the catalytic reduction of PNP into AP. It was 
very interesting to note that within 7 min 84% 
of PNP was reduced into AP. The total kapp val-
ue was determined by drawing the plot of log  
(A/Ao) vs time (Figure A1 i). The total kapp value 
was calculated as 5.69×10-3 sec-1 (Table 3). As 
per the procedure, a separate experiment was 
carried out to find out adsorption from which 
the kapp value was calculated as 2.81×10-3 sec-1. 
From this value, it is easy to calculate the kapp 
value for the real catalytic reduction reaction 
as 2.88×10-3 sec-1. In the present system, it was 
found that the catalytic reduction reaction and 
the adsorption are having almost equal kapp val-
ue. It means that these two reactions are com-
petitive one. When compared with S1 and S4 
systems, the present system yielded higher kapp 
value due to the presence of Ag NP. Islam et al. 
[35] studied the catalytic reduction of PNP in 
the presence of Au loaded cellulose fiber (CF). 
The reported kapp values are 6.67×10-5 sec-1 and 
1.03×10-2 sec-1 for pristine CF and CF-Au-2.87 
systems, respectively. When compared with 
their value, the present S2 system produced 
very lower kapp value. This is due to the differ-
ence in the polymer structure and the metal 
nano catalyst used for the PNP reduction. Still 
the adsorption value increased under acidic pH. 
The catalytic activity of S5 system was test-
ed towards the reduction of PNP. The UV-
visible spectrum of PNP taken at one min time 
interval in the presence of S5 catalyst  is shown 
in Figure A1 (j-p). Within 7 min 91% of PNP 
was reduced into AP. This confirmed the cata-
lytic activity of S5 system. The total kapp value 
was determined by drawing a plot between log
(A/Ao) and time (Figure A1 q). The plot showed 
a straight line with decreasing trend, from 
which the total kapp value was calculated as 
2.53×10-3 (Table 2). The kapp value for the ad-
sorption and real catalytic reduction reactions 
were calculated as 1.41×10-3 sec-1 and 1.12×10-3 
sec-1, respectively (Table 3). When compared to 
the S2 system, the present system exhibited 
lower kapp value for catalytic reduction reaction. 
This declared the catalytic activity of Ag NP. 
On comparison among S1, S2, S4 and S5 sys-
tems, the S4 systems yielded higher kapp value 
for the reduction of PNP. Liu et al. [41] report-
ed the catalytic reduction of PNP using Au/
PAN nanofibrous membrane with the kapp val-
ue of 4.66×10-4 sec-1. When compared with their 
value, the present S4 system yielded a good 
kapp value towards the reduction of PNP.  
The catalytic activity of S3 system was test-
ed towards the reduction of PNP {Figure A2 (a-
g)}. During the course of the reduction reaction 
the absorbance decreased at 400 nm slowly. 
This proved that the PNP was reduced into AP 
in the presence S3 system as a catalyst and 
NaBH4 as a reducing agent. The catalytic ac-
tivity of V2O5 NP present in the S3 system was 
further confirmed by plotting log (A/A0) vs time 
(Figure A2 h). The plot showed a decreasing 
trend with the total kapp value of 6.31×10-3 sec-1 
(Table 2). For adsorption, a separate experi-
mental work was conducted and the kapp value 
was determined as 4.15×10-3 sec-1. The kapp val-
ue for the real catalytic reduction reaction was 
calculated as 2.16×10-3 sec-1 (Table 3). In com-
parison with S2 system, the S3 system yielded 
somewhat lower kapp value. When compared 
with the literature value [41], the S3 system 
yielded somewhat good kapp value.   
The catalytic activity of S6 system was test-
ed towards the reduction of PNP under the 
same experimental conditions as mentioned 
above and shown in Figure A2 (i-p). Within 8 
min 95 % of PNP was reduced into AP. For this 
system the total kapp value was determined 
from the plot of log (A/Ao) vs time (Figure A2 
q). From the slope value the total kapp value 
was calculated as 1.65×10-3 sec-1 (Table 3).  As 
usual, a separate experiment was carried out 
for the determination of kapp value for adsorp-
tion and determined the same as 0.72×10-3 sec-
1. From this, the kapp value for the catalytic re-
duction reaction was determined as 0.93×10-3 
sec-1 (Table 3). In comparison with S3 system, 
the present system yielded very lower kapp val-
ue. In over all comparison, the S2 system pro-
duced an excellent kapp value for the catalytic 
reduction of PNP. The PI/V2O5 nanocomposite 
system provided a good kapp value than the 
PAN/Au nanocomposite system [41] towards 
the catalytic reduction of PNP.  
It is well known that Cr6+ is more toxic than 
Cr3+. Hence it is necessary to remove or reduce 
the toxicity of Cr6+ ion by a simple adsorption 
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or reduction method. The ultimate aim of the 
present investigation is to reduce the toxicity of 
Cr6+ in the presence of S1 system as a catalyst. 
Figure A3(a-i) confirmed the UV-visible spec-
trum of Cr6+ taken at different time interval in 
the presence of S1 system. Here also while in-
creasing the reaction time, the absorbance at 
369 nm decreased gradually. At the end of 9 
min, 94% of Cr6+ was reduced to Cr3+. The cata-
lytic activity of S1 system can be further con-
firmed by drawing a plot of log (A/A0) vs time 
(Figure A3j). From the slope value, the total 
kapp value was calculated as 2.1×10-3 sec-1 
(Table 2). It is well known that the Cr6+ can be 
reduced into Cr3+ with the help of NaBH4 even 
in the absence of a catalyst. In the presence of 
metal or metaloxide NP catalyst, the catalytic 
reduction of Cr6+ will be very fast. In S1 system 
such a catalyst is not available. Even then the 
absorbance at 369 nm corresponding to Cr6+ de-
creased continuously. This confirmed the cata-
lyst free reduction of Cr6+. Moreover, the Cr6+ 
normally appears at 375 nm but in the present 
work it appeared at 369 nm due to the decrease 
in pH of the medium and addition of NaBH4. 
The hydrogen atom loses its electron to the re-
action medium and becomes H+. This further 
decreases the pH of the reaction medium. As a 
result the Cr6+ appeared at 369 nm (blue shift-
ing). As explained previously, the decrease in 
concentration of Cr6+ can be explained on the 
basis of two factors namely, adsorption and re-
al catalytic reduction reaction. Here reduction 
reaction really occurred due to the addition of 
NaBH4 at the same time adsorption is possible 
through the formation of co-ordination bond be-
tween Cr6+ and PIs. This can be further con-
firmed by conducting a separate experiment for 
the adsorption reaction in the absence of cata-
lyst and NaBH4. Again it was found that the 
absorbance decreased at 375 nm continuously. 
The kapp value for adsorption and reduction re-
action was determined as 1.32×10-3 sec-1 and 
0.78×10-3 sec-1 (Table 3), respectively. This 
proved that the adsorption is a dominant pro-
cess than the reduction reaction in the pres-
ence of S1 system towards Cr6+. The kapp value 
for the Zn/Fe2O4 loaded PANI was determined 
Figure 8. UV-visible spectrum of Cr6+ (a-e) taken at the interval of one min in the presence of S2 sys-
tem and plot of log (A/Ao) vs time (f), UV-visible spectrum of Cr6+ (g-m) taken at interval of  one min in 
the presence of S5 system and plot of log (A/Ao) vs time (n). 
 Bulletin of Chemical Reaction Engineering & Catalysis, 15 (1), 2020, 167 
Copyright © 2020, BCREC, ISSN 1978-2993 
as 0.54×10-3 sec-1 towards the photocatalytic re-
duction of Cr6+ [42]. On comparison, the S1 sys-
tem yielded higher kapp value even in the ab-
sence of metal or metaloxide nanocatalyst.  
Moreover, the adsorption due to PANI was not 
included by Patnaik et al. [42].  This study indi-
cates that the Cr6+ can be reduced even in the 
absence of a metal or metaloxide nanocatalyst. 
Similarly, the influence of S4 system was 
tested towards Cr6+ and shown in Figure A3 (k-
u). The spectrum shows one absorbance peak at 
372 nm corresponding to the Cr6+. Here also 
while increasing the reaction time the absorb-
ance reduced at 372 nm slowly. Within 11 min 
90% of Cr6+ was reduced into Cr3+. The kapp  val-
ue was determined by drawing a plot of log (A/
Ao) vs time (Figure A3v). The total kapp value 
was as 1.17×10-3 sec-1 (Table 2). But the de-
crease in concentration is due to adsorption al-
so. Hence, it is necessary to find out the kapp 
values corresponding to the adsorption and re-
duction reactions separately. The values are 
0.93×10-3 sec-1 and 0.24×10-3 sec-1 (Table 3) for 
adsorption and reduction reactions respective-
ly. Here the process of adsorption is found to be 
dominant than the chemical reduction reaction. 
When compared with the S1 system, the pre-
sent system yielded somewhat lower kapp val-
ues. When compared with literature [42] the 
present S4 system yielded lower kapp value due 
to the difference in the polymer backbone and 
absence of nanocatalyst.  
The reduction of Cr6+ was done in the pres-
ence of S2 system (i.e.) PI loaded with Ag NP. 
Figure 8 (a-e) shows the reduction in absorb-
ance at 366 nm gradually. The blue shift in the 
peak confirmed the role of Ag NP in the chemi-
cal reduction reaction. Within 5 min. 65% of 
Cr6+ was reduced into Cr3+. The plot of log (A/
A0) vs time is shown in Figure 8(f). The plot ex-
hibited a straight line but with decreasing 
trend. The total kapp value was calculated as 
1.59×10-3 sec-1 (Table 3). Meanwhile, the kapp 
values for adsorption and catalytic reduction 
reaction were determined as 0.72×10-3 sec-1 and 
0.87×10-3 sec-1, respectively (Table 3). On com-
parison, the S2 system exhibited the highest 
kapp value for catalytic reduction and declared 
that the S2 system containing Ag NP has high 
surface area. When compared with the Zn/
Fe2O4 loaded PANI nanocomposite system 
without the consideration of adsorption [42], 
the PI/Ag nanocomposite system produced 
higher kapp value towards the reduction of Cr6+ 
(by considering the adsorption value). 
The catalytic activity of S5 system loaded 
with Ag NP was tested towards the reduction of 
Cr6+. It was found that the absorbance peak at 
372 nm decreased slowly with increase in time 
(Figure 8 g-m). Within 7 min 95% of Cr6+ was 
reduced into Cr3+ in the presence of S5 system. 
By using the usual plot of log (A/Ao) vs time 
(Figure 8 n), the total kapp value was calculated 
as 2.5×10-3 sec-1 (Table 3). The kapp values for 
adsorption and catalytic reduction reaction 
were determined as 1.38×10-3 sec-1 and   
1.17×10-3 sec-1 (Table 3), respectively. When 
compared with S2 system, the present system 
yielded somewhat improved kapp value. Again, 
when compared with the literature value [42], 
the present system yielded higher kapp value to-
wards the reduction of Cr6+. 
The catalytic activity of S3 system was test-
ed under identical conditions and the UV-
visible spectrum of PNP is shown in Figure A4 
a-g.  It was found that within 6 min 97% of 
Cr6+ was reduced in to Cr3+.  The total kapp value 
was determined from Figure A4 (h) as 1.22×10-
3   sec-1 (Table 3). As per the procedure, the kapp 
values for the adsorption and catalytic reduc-
tion reactions were determined as 0.68×10-3  
sec-1 and 0.54×10-3 sec-1, respectively (Table 3). 
This proved that the catalytic reduction reac-
tion is less favourable than the adsorption pro-
cess. The photocatalytic reduction of Cr6+ in the 
presence of Zn/Fe2O4@PANI [42] yielded higher 
kapp value without the consideration of adsorp-
tion. 
The catalytic activity of S6 system was test-
ed towards the reduction of Cr6+. It was found 
that the absorbance peak decreased at 372 nm 
slowly with increase in reaction time (Figure 
A4 i-n). It was found that within 6 min 91% of 
Cr6+ was reduced into Cr3+. The total kapp value 
was determined by plotting log (A/Ao) vs time 
(Figure A4 o) as 2.42×10-3 sec-1 (Table 3). The 
kapp value for the adsorption and catalytic re-
duction reactions were determined as 1.14×10-3 
sec-1 and 1.28×10-3 sec-1 (Table 3), respectively. 
When compared with S3 system, the S6 system 
yielded somewhat lower kapp value for the cata-
lytic reduction reaction. On comparison with 
the literature [42], the present system yielded 
higher kapp value. On overall comparison, the 
S6 system exhibited the highest kapp value. 
This confirmed that the V2O5 NP is a suitable 
catalyst system for the catalytic reduction of 
Cr6+. 
Catalytic activity of S1 system was tested 
towards the reduction of R6G dye under the ex-
perimental conditions mentioned above. From 
the UV-visible spectrum (Figure A5 a-g) it was 
found that while increasing the reduction time, 
the absorbance at 525 nm decreased slowly.  
Within 6 min 80% of R6G dye reduced. The to-
tal kapp is determined by plotting log (A/A0) vs 
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time (Figure A5 h) as 0.22×10-3 sec-1 (Table 3). 
The R6G dye molecule is reduced with the help 
of NaBH4 in the absence of a catalyst. In order 
to confirm the dye adsorption by S1 system, a 
separate adsorption experiment was made in 
the absence of a reducing agent. The kapp value 
for the adsorption was calculated as 0.15×10-3 
sec-1. From this one can calculate the kapp for 
the real reduction reaction as 0.07×10-3 sec-1 
(Table 3). Adsorption is the most favourable 
one than the reduction reaction. Saranya and 
co-workers [43] reported the V2O5 NP loaded 
Chitosan Schiff base for the catalytic reduction 
of R6G dye with the kapp value of 9.70×10-3 sec-1. 
The present S1 system towards the reduction of 
R6G yielded lower kapp value due to the absence 
of nanocatalyst. 
Ultimately, the catalytic application of S4 
system was towards the reduction of R6G. The 
UV-visible spectrum of R6G is given in Figure 
A5 (i-r). It was found that while increasing the 
reaction time the absorbance at 525 nm de-
creased. The extended double bond of R6G was 
reduced chemically. At the same time adsorp-
tion of R6G by the S1 system was occurred 
through the hydrogen bonding mechanism. 
Within 10 min 92% of R6G reduced. To deter-
mine the total kapp value, a plot was drawn be-
tween log (A/Ao) and time (Figure A5 s). As 
usual the plot was found to be a straight line 
with decreasing trend. The total kapp value was 
determined as 1.40×10-3 sec-1 (Table 3). The kapp 
values for the adsorption and reduction of R6G 
was determined as 0.88×10-3 sec-1 and     
0.52×10-3 sec-1 (Table 3), respectively. On com-
parison, the P4 system exhibited the highest 
kapp value for the reduction of R6G. When com-
pared with Saranya et al. [43] report, the pre-
sent system yielded lower kapp value towards 
the reduction of R6G.  
The catalytic activity of S2 system was test-
ed towards the reduction of R6G and is shown 
in Figure A6 (a-h). It was clearly observed that 
absorption decreased at 527 nm gradually. 
Figure 9. UV-visible spectrum of R6G (a-h) taken at the interval of one min in the presence of S3 sys-
tem and the plot of log (A/Ao) vs time (i). The UV-visible spectrum of R6G (j-o) taken at the interval of 
one min in the presence of S6 system and plot of log (A/Ao) vs time (p). 
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Within 8 min 96% of R6G reduced. Further, the 
total kapp value was calculated from the plot of 
log (A/Ao) vs time (Figure A6 i) as 2.34×10-3   
sec-1 (Table 3). The kapp values for adsorption 
and catalytic reduction reaction was deter-
mined as 1.12×10-3 sec-1 and 1.22×10-3 sec-1 
(Table 3) respectively. When compared to the 
S1 system, the Ag nanocomposite system 
showed higher kapp value. This confirmed the 
catalytic nature of Ag NPs.  Even in the pres-
ence of Ag NP, the kapp value was found to be 
lower than Chitosan Schiff base/V2O5 nanocom-
posite system [43]. 
The catalytic activity of S5 system was test-
ed towards the reduction of R6G (Figure A6 j-
o). In order to calculate the total kapp value, the 
plot of log (A/Ao) vs time (Figure A6 p) was 
drawn and it was found to be a straight line 
with decreasing trend. From the slope value, 
the total kapp value was calculated as 3.26×10-3 
sec-1 (Table 3). From Table 3 it was found that 
the kapp value for the adsorption and catalytic 
reduction was 1.59×10-3 sec-1 and 1.67×10-3 sec-1 
(Table 3) respectively. When compared to S1 
system, the Ag nanocomposite system exhibited 
higher kapp value. This confirms the catalytic 
activity of Ag nanoparticles. The S5 system ex-
hibited the highest kapp value. When compared 
with the literature report [43] the present sys-
tem yielded lower kapp value. 
The catalytic activity of S3 system was test-
ed towards the reduction of R6G (Figure 9(a-
h)). While increasing the reduction reaction 
time, the absorbance decreased at 526 nm. 
Within 8 min 95% of R6G reduced. The plot of 
log (A/Ao) vs time (Figure 9 i) was drawn and it 
was found to be a straight line with decreasing 
trend. The total kapp value was found to be 
2.79×10-3 sec-1 (Table 3). Table 3 showed that 
the kapp values for the adsorption and catalytic 
reduction were 1.28×10-3 sec-1 and 1.51×10-3  
sec-1, respectively. It seems that the S3 system 
exhibited somewhat higher kapp value towards 
the catalytic reduction of R6G. In the presence 
of Chitosan Schiff base/V2O5 nanocomposite 
system [43], the kapp value was found to be very 
high when compared with the PI V2O5 nano-
composite system. Apart from the size of the 
nanocatalyst, the polymer backbone played a 
vital role in the reduction of R6G. In a compar-
ative analysis, the Chitosan Schiff base has 
more hydrogen bond than the PI system due to 
the absence of –OH and –NH2.   
Similarly, the catalytic activity of S6 system 
was tested towards the reduction of R6G under 
similar experimental conditions. The UV-
visible spectrum is shown in Figure 9(j-o). Here 
also the absorbance reduced at 523 nm and 
within 6 min 96% of R6G was reduced. The cat-
alytic activity of S6 system is further confirmed 
by drawing the plot of log (A/Ao) vs time 
(Figure 9 p). It was found to be a straight line 
with negative trend. From the slope value the 
total kapp value was calculated as 3.52×10-3 sec-1 
(Table 3). The kapp values for the adsorption 
and catalytic reduction reactions were deter-
mined as 1.71×10-3 sec-1 and 1.81×10-3 sec-1 
(Table 3), respectively. When compared with 
S3 system, the present S6 system exhibited lit-
tle bit improved kapp value. The V2O5 nanocom-
posite system exhibited the highest kapp value.  
When compared with the literature report [43], 
the present system yielded lower kapp value to-
wards the reduction of R6G dye. 
 
4. Conclusions 
The positive points which are supporting to 
this work is shown here as conclusions. The FT
-IR spectrum showed a carbonyl and amino 
stretching around 1785 and 3500 cm-1, respec-
tively and confirmed the PI formation. The aro-
matic protons of ODA and PPDA units ap-
peared between 6.6 and 7.6 ppm. The V2O5 
NPs loaded PI exhibited slight increase in Tg 
value. The Ag NPs loaded PI showed 30% of 
above 800 ºC. The Ag NPs embedded PI exhib-
ited the nanorod like morphology. The size of 
V2O5 NP was determined as 65-85 nm with ag-
glomeration by TEM. The EDX study conclud-
ed that 3% of V was available in the PPDA 
based PI system. The Poly(BPTCDAH-co-
ODA)/V2O5 nanocomposite system exhibited 
the highest kapp value for the adsorption of 
PNP. The Poly(BPTCDAH-co-ODA)/Ag nano-
composite system showed the highest kapp value 
for the catalytic reduction of PNP. This proved 
that whether the adsorption or catalytic reduc-
tion reaction depends on the chemical struc-
ture and surface charge of the materials. 
  
Acknowledgement 
We express our sincere thanks to Dr. N. 
Sundararajan, Associate Professor, Depart-
ment of English, KCET, Virudhunagar for his 
valuable help during this manuscript prepara-
tion work. 
 
Compliance with ethical standards 
Conflict of interest 
Authors have no conflicts of interest to de-
clare. 
 
 Bulletin of Chemical Reaction Engineering & Catalysis, 15 (1), 2020, 170 
Copyright © 2020, BCREC, ISSN 1978-2993 
List of Abbreviations 
PI : Polyimide 
PMDAH : Pyromellitic dianhydride 
ODA : Oxydianiline 
PPDA : p-phenylenediamine 
FT-IR : Fourier transform infrared 
NMR : Nuclear magnetic resonance 
DSC : Differential scanning calorimetry 
TGA : Thermogravimetric analysis 
FE-SEM : Field emission scanning electron 
microscope 
AFM : Atomic force microscope 
NP : Nanoparticle 
NMP : N-methylpyrrolidone 
MWCNT : Multiwalled carbon nanotube 
PNP : p-Nitrophenol 
R6G : Rhodamine 6G 
DMF : Dimethylformamide 
SMF : Standard measuring flask 
SEM : Scanning electron microscope 
NaBH4 : Sodiumborohydride 
kapp : Apparent rate constant 
LDH : Layered double hydroxide 
MWCNT : Multi walled carbon nanotube 
Mw : Weight average molecular weight 
Mn : Number average molecular weight 
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Appendices:  Supporting information 
Figure A1. UV-visible spectra of (a–e) NiP, plot of time vs. log (A/Ao) (f) in the presence of  P2 system, 
UV-visible spectra of (g–m) NiP, plot of time vs. log (A/Ao) (n) in the presence of P5 system. 
Figure A2. UV-visible spectra of (a–f) NiP, plot of time vs. log (A/Ao), (g) in the presence of  P3 system, 
UV-visible spectra of (h–n) NiP, plot of time vs. log (A/Ao), (o) in the presence of P6 system. 
Figure A3. UV-visible spectra of (a–g) Cr(VI), plot of time vs. log(A/Ao) (h) in the presence of P2 sys-
tem, UV-visible spectra of (i–n) Cr(VI), plot of time vs. log(A/Ao) (o) in the presence of P5 system. 
Figure A4. UV-visible spectra of (a–f) Cr(VI), plot of time vs. log (A/Ao) (g) in the presence of P3 sys-
tem, UV-visible spectra of (h–l) Cr(VI), plot of time vs. log (A/Ao) (m) in the presence of P6 system. 
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Figure A5. UV-visible spectra of (a–f) R6G, plot of time vs. log(A/Ao) (g) in the presence of P2 system, 
UV-visible spectra of (h–l) R6G, plot of time vs. log(A/Ao) (m) in the presence of P5 system. 
Figure A6. UV-visible spectra of (a–f) R6G, plot of time vs. log (A/Ao) (g) in the presence of P3 system, 
UV-visible spectra of  (h–m) R6G, plot of time vs. log (A/Ao) (n) in the presence of P6 system. 
